This study demonstrated that the variation in physical and chemical performance on cotton double jersey knit fabrics was decided by the knit structure, water repellent chemicals types and their concentration. Here, two types of double jersey fabrics were treated with different types of water repellent chemicals at different formulations to evaluate the performance of water repellent finishes on knit fabrics properties. The levels of water repellency of the fabrics were assessed by AATCC 127 hydrostatic head test method and by ISO 4920:2012 spray rating test method. To evaluate the performance of water repellent finishes on knit fabric properties, GSM, bursting strength test according to ASTM (D 3786-87) method, air permeability, color fastness to wash, water, perspiration, chlorinated water and color fastness to rubbing with ISO method were done. The results showed that both physical and chemical properties of the finished cotton knits, depend to a great extent on knit structure, the water repellent finish type and concentration to obtain water repellent fabrics with desirable properties.
Introduction
Cotton is an outstanding versatile fibre with superior quality mainly comfort ability. Water repellency is one general functional property that is required for protective clothing without deteriorating the comfort ability. Water repellent textiles have many uses such as industrial, consumer and apparel purpose. This repellency can be achieved by applying water repellent chemicals which imparts a thin surface layer of chemicals on textile fibres by the modification of surface 3 (polyacrylic or polymethacrylic acid esters). A is the fibre surface [8] . Journal of Textile Science and Technology Figure 2 . A dendrimer structure synthesized from three distearyl-amines or amides and a trifunctional isocyanate X (N = C = O) [8] .
Third group water repellent chemical structure is same as first one but fluorocarbon with isocyanate booster and the length of the perfluorinated side chains should be about 6 carbons. [8] In the literature, some of researches on different water repellent chemicals, their application procedure, curing temperature, their durability and different wash fastness have been evaluated. [9] [10] There are almost unadequate work on the performance of water repellent finish and their effects on different properties of knit double jersey fabrics. The purpose of this study was to investigate and evaluate the performance of what water repellent finish on which concentration (conc.) affected different double jersey knit fabric properties after finishing.
Materials and Methods

Materials
Fabrics
In this experiment, 100% cotton double jersey knit fabrics (scoured and bleached) were used. At first fabric is finished with different types of water repellent chemicals by pad-dry-cure method. The fabrics were supplied by Essential Clothing Ltd, Bangladesh. Two types of double jersey fabrics were used here, one is rib (1 × 1) and another is interlock. Fabric specifications were given in Table 1 .
Supplied fabrics which presents good hydrophilic character were first finished by using three different fluorocarbon based water repellent chemicals in three different concentrations (70 g/L, 90 g/L and 100 g/L) to analyze the performance of different water repellent chemicals and their varying concentration on water repellency and other physical properties of the fabrics. In addition, fabrics were dyed by using following recipe which is given in Table 2 in Micro Fibre lab and finished with different water repellent chemicals in 100 g/L concentration (conc.) as it showed excellent water repellency to investigate different fastness properties of the finished fabrics.
Dye application bath for double jersey fabrics Hot wash at 95˚C for 7 min (2 times) and then dry. Table 3 .
Water Repellent Chemicals
Horizontal Pad-Mangle machine (Rapid, Xiamen Rapid Co Ltd, China) was used Journal of Textile Science and Technology the droplet visually to evaluate the water repellency. When water droplet is placed on finished fabric then the drop will rest up on it and will not penetrate it means that the finished material surface has lower surface tension than water surface tension, then that material is called water repellent.)
2) Spray rating test: The spray rating tests were evaluted by using ISO 4920:2012 test method.
3) Hydrostatic Head Test: It was done by Shirley hydrostatic head tester, England according to AATCC 127 method.
Physical and Chemical Testing
Each samples were tested in the standard atmosphere, 25˚C ± 2˚C temperature and 65% RH after conditioning 24 hrs. Rcostar EEE6 and Lurotex protector RP ECO) were prepared in 70 g/L, 90 g/L and 100 g/L conc. and applied these conc. on different 100% cotton double jersey knit fabrics. Two different double jersey knit fabrics were used in here which were 1 × 1 rib and interlock. This is the visual test to evaluate the water repellency. If the material surface has lower surface tension than water surface tension, then that material is called water repellent. When water drop is placed on water repellent material then the drop will rest up on it and will not penetrate, then it will be called water repellent.
Here are some physical appearances of untreated and treated rib and interlock fabrics by using fluorocarbon with dendrimer chemicals (trade name is Rcostar EEE6 and expressed by FC + D) (Figure 3 These treated fabrics were evaluated using ISO 4920:2012 method. The evaluated rating of the samples are given in chart with its graphical analysis. Schindler et al described that after completing the pad-dry-cure process, perfluoro side chains changed to almost crystalline structures by curing process to achieve optimal water repellency [8] . Compared with the untreated fabric, the finished fabrics It is shown from Figure 4 and Table 4 
Hydrostatic Head Test
The hydrostatic head test was done according to AATCC 127 method on double jersey fabrics after water repellent finish at various conc. which are stated below in Figure 5 . From the above chart it has clearly seen that the more pressure is required to force water through the fabric. After gradually increasing the conc. from 70 g/L to 100 g/L, the pressure requires more. Rib fabric has higher hydrostatic head test rating than interlock fabric because of rib fabric has higher GSM and more
compactness. An increase in repellent conc. caused an increase in wetting times of the fabric after finishing. In all conc., FC + D water repellent chemical shows better hydrostatic head test rating than FC + B and FC water repellent chemicals for both rib and double jersey fabrics. Because the water repellent chemicals form a coating on the fabric and the more conc. of chemicals leads the higher density of the coating resulting increased water repellency.
Analysis of GSM
The GSM tests were done according to ASTM (D 3776-79) method for fabrics with different conc. The chart has given below:
After chemical implementation of different double jersey knit fabrics with different water repellents at various conc. are stated above Figure 6 and Table 5 .
GSM has increased because chemical has covered up all the pores of the fabric and a chemical coating is created on the fabric. Therefore, the water is not al- 
Bursting Strength Test
Bursting strength plays a significant role after water repllent finish. It was done according to ASTM (D 3786-87) method. From the Table 6 and Figure The fabric's strength is decreased by increasing of concentration. When the water repellent chemicals form cross link with the cotton free O-H group in the amorphous region, it makes stiff of the fabric and moreover, cross linking reaction is done mainly in acidic condition which are also responsible for the reduction of the bursting strength.
Air Permeability Test
It was done by using ISO 9237 method. The air permeability of double jersey fabrics decreased via water repellent finish which are stated in Table 7 and Figure   8 . Changing conc. from lower to higher conc., gives gradually decreased air 
Color Fastness to Wash
The wash fastness of water repellent treated fabric with 100 g/L conc. is rated under grey scale for two types of measurement, one is for color change and another is for color staining. Color fastness to wash was measured with ISO-105/C06-C2S method.
The wash fastness of all water repellent chemicals are measured at 100 g/L conc. as it showed the best water repellency and physical properties compared with other concentrations. From Table 8 
Color Fastness to Water
To investigate the effect of water fastness of water repellent treated fabrics are another is for color staining. It is done by ISO 105-E01 method. The rated chart is given below in Table 9 .
The water fastness of FC and FC + B water repellent chemicals reduced than untreated one though FC + D chemicals remained unchanged for rib fabric.
Water fastness remained unchanged for FC, FC + D and FC + B chemicals for interlock fabric. The improvement of wash fastness of water repellent finish is because of the dye molecules trapped inside the crosslinking film.
Color Fastness to Chlorinated Water
To evaluate the effect of chlorinated water fastness of treated fabrics are rated under grey scale for color change. The rated chart is given below in Table 10 .
Color fastness to chlorinated water is done by ISO 105-E03 method. The chlorinated water fastness of all water repellent chemicals were measured at 100 g/L conc. The chlorinated water fastness of all chemicals slightly decreases than untreated one except FC + D water repellent chemicals for rib fabric.
Color Fastness to Perspiration
The resistance of color against acid and alkali of dyed fabrics are done by ISO 105-E04 method. The rated chart is given below in Table 11 . The fastness to perspiration of all water repellent chemicals are measured at 100 g/L conc. The fastness to perspiration of all water repellent chemical shows better result than untreated one for all double jersey fabrics.
Rubbing Fastness
The rubbing fastness of water repellent treated dyed fabrics are rated under grey scale for the measurement of color staining against dry and wet white fabric. The rated chart of rubbing fastness for wet and dry rub are given below in Table 12 .
It shows that both dry and wet rub are remain same or slightly increased after water repellent finish on conc. 100 g/L than untreated one as water repellent chemical make a thin coating on fabric surface.
Conclusion
In this study, the effect of water repellent finishes on double jersey structured knit fabrics and water repellent chemicals conc. on the water repellency of the fabrics were investigated. To do so, 36 repellent treated different structured knit concentrations, gives gradually increased water repellency, regardless of repellent chemical type. From hydrostatic head test, it has clearly seen that the more pressure is required to force water through the fabric after finishing and gradually increasing the conc. from 70 g/L to 100g/L, the pressure requires more. Rib fabric has higher hydrostatic head test rating than interlock fabric because of rib fabric has higher GSM and more compactness. However, unlike the findings of previous research works which described that if the water repellent was used with higher conc., strength is decreased. The repellent chemicals and their changing conc. did not cause significant change to bursting strength of knit fabrics. There was no remarkable deviation is observed in GSM on the basis of water repellent chemicals and their varying conc. Moreover, fabric's GSM rises due to the mechanical reinforcement by formation of bonds within interfibre and interyarn. It is attributed in decrease of bursting strength and air permeability because of a direct consequence of deposition of a thin film onto or within the fibre. Air permeability of fabric is decreased after water repellent finish because of the restriction effect to the airflow. Air permeability rating of FC + B for both rib and interlock fabrics gave comparatively better result than FC and FC + D water repellent chemicals. A higher in repellent chemical conc. caused a higher wash fastness, water fastness, color fastness to perspiration and rubbing fastness. However, a higher in repellent chemical conc. caused a minor effect on color fastness to chlorinated water. Fabric finishing after dyeing, had no effect on water repellency is another important conclusion of this work.
